Abstract Research that projects biophysical changes under climate change is more advanced than research that projects socio-economic changes. There is a need in adaptation planning for informed socio-economic projections as well as analysis of how these changes may exacerbate or reduce vulnerability. Our focus in this paper is on the delivery of timesensitive socio-economic information that can better support anticipatory adaptation planning approaches. Using a 'multiple lines of evidence' approach based on Australian Bureau of Statistics' data (2010/2011), we examine the socio-economic vulnerability of the grazing sector located on Australia's east coast. We profile the east coast grazing sector through an overview of the composition of its workforce and the value of grazing commodities produced. We then assess the potential vulnerability of the grazing sector using spatial snapshots of five factors known to shape socio-economic vulnerability in New South Wales and Queensland: (1) reliance on agriculture, (2) geographic remoteness, (3) socio-economic disadvantage, (4) economic diversity and (5) age. Our assessment of the east coast grazing sector reveals six subregions characterised by high potential socio-economic vulnerability to the impacts of climate change. We find high percentages of labour forces employed in agriculture, geographic remoteness and age (high percentages of owner/managers and employees in younger age groups) to be drivers of vulnerability. Finally, we evaluate the ways in which these vulnerabilities may be exacerbated or reduced in light of emerging environmental, economic and social trends. This approach complements demographic projection methods to deliver time-sensitive socio-economic information to support anticipatory adaptation planning.
Introduction
Emerging frameworks for climate change adaptation are increasingly emphasising the need for greater systemic flexibility and responsiveness. These frameworks indicate the need to develop a diverse range of adaptation and mitigation options which may be implemented over different timeframes (Haasnoot et al. 2013; Barnett et al. 2014; Manning et al. 2015) . Key to enhanced systemic flexibility and responsiveness are shifts from retrospective and incremental adaptation responses towards anticipatory responses (Manning et al.
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The online version of this article (https://doi.org/10.1007/s10113-017-1251-0) contains supplementary material, which is available to authorized users. 2015) and transformational adaptation (Park et al. 2012; Rickards and Howden 2012) . Developing, planning and implementing measures for climate mitigation and adaptation requires information and tools that (1) facilitate consideration of a broad range of future scenarios and adaptation options, (2) are sensitive to decision-making time frames, (3) incorporate the projected rates of change associated with climatic risks and the socio-economic characteristics of the region/s of interest (Lawrence et al. 2013; Manning et al. 2015) and (4) are context relevant (Dovers and Hezri 2010) . Thus, effective planning is dependent upon decision makers' access to a wide array of time-sensitive information that canvasses the biophysical and socio-economic domains. Arguably, research that projects biophysical changes under climate change (e.g. modelling climate change impacts) is more advanced than research that projects how and in what ways the socioeconomic domain may change over the same time scales (Roiko et al. 2012) . In light of this research imbalance, our focus in this paper is on the delivery of time-sensitive socioeconomic information that can better support anticipatory adaptation planning approaches embedded within effective government adaptation architectures (Jacobs et al. 2016) .
Within the climate change adaptation literature, vulnerability is a widely used concept to understand the Bpropensity or predisposition to be adversely affected^ (Mach et al. 2014, p. 128) . That is, vulnerability comprises a forward-looking dimension that allows for evaluating possible future harm (Hinkel 2011) , which renders the concept highly applicable to anticipatory adaptation planning. Despite its conceptual applicability, questions remain about how to adequately integrate this forward-looking dimension into socio-economic vulnerability assessments of communities, sectors or regions. Notwithstanding this challenge, common among current assessment approaches is a reliance upon population statistics and the identification of variables that co-vary with increased vulnerability (e.g. the development of composite indexes). Although these approaches have been usefully combined with spatial analyses to generate insights about the present-day geographies of vulnerable people and communities (see, for example, Baum et al. 2008; Nelson et al. 2010; Solangaarachchi et al. 2012; Arthurson and Baum 2015) , in Australia, projections of how these geographies and the factors represented may change and be associated with future vulnerability are limited.
Demographic projection is one tool that has been used by a small number of researchers to address this knowledge gap and better account for the dynamic nature of socio-economic development (Glavac et al. 2003; Roiko et al. 2012; Loughnan et al. 2013 Loughnan et al. , 2014 . This is an important advance if vulnerability assessments are to more effectively support adaptation planning. However, the utility of demographic projection is constrained because it remains based upon value judgements that assume socio-economic factors currently associated with a high risk of harm will continue to be associated with a high risk of harm in the future. For example, older people are understood to have increased physical sensitivity to increased temperatures and reduced adaptive capacity arising from social isolation (e.g. Loughnan et al. 2013) ; therefore, ageing populations are typically considered to be more vulnerable than populations characterised by younger age profiles. Such relationships will undoubtedly continue to influence socioeconomic vulnerability, but equally these relationships-and their association with vulnerability-may be reconfigured by emerging trends associated with healthy, more active lifestyles and people remaining longer in the workforce to maintain income levels (Hajkowicz et al. 2012) . These examples point to the need for a broader understanding of the current and future drivers that may exacerbate or (potentially) reduce vulnerability, and the ways in which these drivers will shape socio-economic development. It is into this research space we make a contribution.
In this paper, we provide a snapshot spatial assessment of the socio-economic vulnerability of the grazing sector in three natural resource management (NRM) regions on Australia's east coast, what we term 'the east coast grazing sector'.
1 First, we review the literature concerning the vulnerability of Australian grazing systems and the research approaches used to date. This review reveals a key research gap: that anticipatory analyses of the socio-economic domain are almost entirely absent. Second, we profile the east coast grazing sector through an overview of the composition of its workforce and the value of grazing commodities produced, followed by a description of our data sources and the research methods for assessing socio-economic vulnerability. In the second half of the paper, we present our assessment of the socio-economic vulnerability of the east coast grazing sector using 'multiple lines of evidence' which reveals six subregions characterised by high potential vulnerability to the impacts of climate change. In the final section of the paper, we seek to more comprehensively account for future drivers of vulnerability. We evaluate the ways in which these vulnerabilities may be exacerbated or reduced in light of emerging environmental, economic and social trends that will shape the Australian economy and society in the coming decades (Hajkowicz et al. 2012) . In doing so, we seek to broaden the debate about 1 Australia's 55 mainland NRM regions are part of a regionalised framework for environmental governance that gained momentum during the 1980s and 1990s. These arrangements re-configured the relationships between government, business and civil society for environmental governance by devolving responsibility for NRM to community-based regional entities (Wallington and Lawrence 2008; Gunningham 2009 ). The structural and governance arrangements differ between states and territories as a result of individual bilateral agreements between the federal government and the respective state/territory government. These organisations also differ markedly in terms of their environmental and demographic characteristics, operational capacities and the land area for which they are responsible (Moore and Rockloff 2006; Robins and Dovers 2007; Robins and Kanowski 2011). vulnerability to climate change impacts to consider other influences that may shape the dynamics of socio-economic vulnerability in the future.
Climate change impacts and research approaches used to assess the vulnerability of Australian grazing systems Climate change is projected to impact eastern Australia in the following ways: increasing average temperatures in all seasons, more hot days and fewer frosts, increasing evapotranspiration in all seasons and creating a harsher fire-weather climate. While changes in rainfall patterns are likely to be largely influenced by natural variability, increased intensity of extreme rainfall events is projected. In coastal areas, mean sea level will continue to rise accompanied by an increase in the magnitude of extreme sea level events (Dowdy et al. 2015) .
2
Like any climate projections, there is uncertainty regarding the degree to which these impacts will manifest at local scales and in which combinations. Despite this uncertainty, the world is committed to some degree of warming due to historical emissions (Collins et al. 2013 ) rendering some form of adaptation necessary. In turn, researchers have directed their attention towards understanding the implications of climate change for-and adaptation options available to-the Australian agricultural sector.
Climate change is Bexpected to have a severe and costly impact^on Australia's agricultural sector (Garnaut 2008, p. 121; see also Reisinger et al. 2014) . To understand the grazing sector's vulnerability to these impacts, researchers have deployed modelling approaches to forecast biophysical changes and/or the economic implications of changed environmental conditions. Results reported in this growing body of literature indicate that CO 2 fertilisation is expected to have a positive impact on pasture growth arising from improved water-and nitrogen-use efficiencies, but these benefits may be counteracted by lower rainfall (Cobon et al. 2009; Whish et al. 2014) . Accordingly, under a range of climate scenarios, pasture growth and livestock-carrying capacities are projected to be negatively impacted (Cobon et al. 2009; Whish et al. 2014) , the abundance and distribution of plant and animal pests may be altered (White et al. 2003) and changes in rainfall and temperature may result in shorter growing seasons (Moore and Ghahramani 2013) . In some cases, these analyses of the projected biophysical impacts of climate change have been extended to consideration of the projected economic impacts. In their study of broadacre agriculture in southern Australia, Moore and Ghahramani (2013) examined the potential economic impact of shorter growing seasons. Under these conditions, by 2050, farm profitability is expected to decline on average by 7%.
Together, these biophysical and economic projections are expected to reconfigure annual production cycles and shift agricultural production zones (Reisinger et al. 2014) . Thus, the future of the grazing sector will be shaped by the ways in which climate change impacts manifest at local scales (White et al. 2003; Harle et al. 2007; McKeon et al. 2008; Webb et al. 2012; Reisinger et al. 2014; Whish et al. 2014 ) and the adaptation responses deployed by individual graziers and the wider grazing industry. Yet, when adaptation responses are considered in the studies reviewed above, inadequate attention is given to graziers' propensity (or capacity) to alter their farming practices which may mediate their vulnerability. For example, White et al. (2003) consider the influence of switching cattle breeds on the vulnerability of the beef industry to changed distributions of cattle tick, citing only one dated study (from the 1980s) as evidence that beef producers are prepared to change their cattle breeds. Similarly, Ghahramani and Moore's (2013) simulations of the effectiveness of a range of on-farm adaptation options (e.g. higher soil fertility, confinement feeding) to protect against reduced farm profits include no analysis of the likely uptake of these adaptations. It may be argued that these research approaches are simply not intended for the purposes of projecting farmers' future preferences and practices. Yet, understanding these on-farm socio-economic dynamics and how they may change in the future alongside climate projections is integral to devising effective anticipatory adaptation responses for the grazing sector.
Social researchers have applied a range of concepts and research approaches to understand better the socio-economic determinants of the vulnerability of Australian grazing systems. These approaches include the operationalisation of allied concepts such as adaptive capacity and resource dependency Marshall 2010 Marshall , 2011 Marshall et al. 2014; Brown et al. 2015) and the development of indices based upon the rural livelihoods framework Nelson et al. 2010) . Crimp et al. (2010) , Brown et al., 2010 the adaptive capacity of livestock producers, graziers and natural resource managers respectively using a participatory, self-assessment process. In workshop settings, small groups of farmers and natural resource managers were asked to select indicators for each of the five capitals (human, social, financial, physical and natural) comprising the rural livelihoods framework and then score each indicator according to the extent with which they thought it supported adaptation to climate change. In the Crimp et al. (2010) and Brown et al. (2015) profitability, access to government funding/drought relief, cost of land, ability to raise capital) was perceived to be the biggest constraint on farmers' ability to respond effectively to climate change. South East Queensland graziers perceived the following factors to support their adaptive capacity: (1) their high education levels, (2) social networks (e.g. industry and farmer groups), (3) access to markets and infrastructure and (4) the topographical characteristics of the region (Brown et al. 2015) . Marshall (2010) adopts a different approach, drawing on the resilience literature to conceptualise adaptive capacity as comprising: (1) the perception of risk associated with change; (2) the ability to plan, learn and reorganise; (3) the proximity to the thresholds of coping; and (4) the level of interest in change (see also Marshall and Marshall 2007) . Results reveal that, in general, graziers perceive themselves to have high levels of adaptive capacity (Marshall 2010) , but that it varies between individual graziers resulting in differing levels of vulnerability (Marshall et al. 2014 ). Marshall and colleagues provide further insight into graziers' vulnerability by incorporating the concept of resource dependency (Marshall, 2010 (Marshall, , 2011 Marshall et al. 2014) . Resource dependency comprises social, economic and environmental components which Bdescribe the nature and magnitude of the sensitivity of resource users to changes in resource condition or access as a result of climate change ( Marshall 2011 ( Marshall , p. 1106 ; see also Marshall et al. 2007) . Results demonstrate that (1) graziers are highly resource dependent and, therefore, especially sensitive to climate change because of limited social, economic and environmental flexibility (Marshall 2011) ; (2) their adaptive capacity is positively correlated with aspects of resource dependency, including attachment to place, financial security, having a strategic approach to business and employability (Marshall 2010) ; and (3) differences in individuals' levels of resource dependency also contribute to their varying levels of vulnerability (Marshall et al. 2014) . Thus, graziers' vulnerability to climate change arises from a complex interaction between their adaptive capacity and dependence upon the grazing resource, which means that graziers who are the most sensitive to climate change (i.e. the most resource dependent) are not always the most vulnerable because high levels of adaptive capacity may offset high levels of resource dependence (Marshall et al. 2014) .
Where Marshall and colleagues' work is focused at the level of individual graziers, Nelson et al. (2010) provide a national-level study of the vulnerability of Australian rural communities using large geographic areas (statistical divisions, the largest and most stable spatial unit within each state/territory used by the Australian Bureau of Statistics (ABS) prior to 2011) as the unit of analysis. They conceptualise vulnerability as the intersection between exposuresensitivity and adaptive capacity. In the case of the exposure-sensitivity dimension, they include the forwardlooking aspect of vulnerability by modelling changes in rainfall, pasture growth and farm incomes. In contrast, their treatment of adaptive capacity is based upon a static assessment using data from national agricultural surveys.
Together, these studies examining the socio-economic aspects of climate change vulnerability offer an insightful complement to the biophysical and farm profitability projections. Notably, they reveal the highly variable nature of farmers' and rural communities' vulnerability to climate change Nelson et al. 2010; Marshall et al. 2014 ) and the utility of combining socio-economic analyses alongside biophysical projections . However, while the three studies utilising the rural livelihoods framework Nelson et al. 2010; Brown et al. 2015) incorporate information about projected changes in climate, none of them include assessments of how graziers'/rural communities' adaptive capacity may be reconfigured across similar timescales. Similarly, the works by Marshall and colleagues do not include this forward-looking dimension. Although adaptive capacity may be described as the necessary preconditions for adapting to change (Gallopín 2006) and, therefore, understanding present-day adaptive capacity is relevant, when used alone, static assessments do not capture the dynamic nature of social and economic change in rural communities and agricultural industries. Thus, there is considerable scope for methods of analysis that more comprehensively account for the potential socio-economic futures of the grazing sector specifically and the futures of the localities in which graziers are located more broadly (e.g. changes in local labour markets, prevalence of socio-economic disadvantage, health and lifestyle trends).
3 Our contention here is that inclusion of an anticipatory component for the socio-economic aspects examined in vulnerability assessments contributes to filling a critical knowledge gap in the current body of knowledge about the vulnerability of the Australian grazing sector, as well as to the practice of vulnerability assessments more broadly. Before presenting the results and analysis from our socio-economic vulnerability assessment, we provide a profile of our region of interest, the east coast grazing sector.
What's at stake? Profile of the east coast grazing sector
We used the ABS' employment and value of agricultural commodities produced (VACP) classifications to define the east coast grazing sector in the Fitzroy, Northern Rivers and HunterCentral Rivers natural resource management regions. (See Smith et al. 2016 and Online Resource 1 for details about how these data were compiled). The employment data were obtained from the 2011 Australian Census of Population and Housing, while the VACP data were obtained from the 2010/2011 Australian Agricultural Census. Thus, the vulnerability assessment reported in this paper represents a snapshot embedded within the prevailing economic and climatic conditions at the time these data were generated. In the 12 months prior to the two ABS censuses from which data were drawn, there was a turnaround in the extreme drought conditions experienced throughout much of Australia during the first decade of the twenty-first century (the Millennium drought). During 2010/2011, the east coast grazing sector received well above average rainfall, conditions that led to a reduction in the sales of beef cattle for slaughter as farmers rebuilt their herds . While overall climatic conditions improved, farmers had to contend with severe flooding events, and most damages were to farm and public infrastructure rather than in the form of direct stock losses . From an economic perspective, between 2009/2010 and 2010/2011, farm cash income for beef producers increased on the back of increased beef cattle prices. Across the same time period, farm cash income remained unchanged for Queensland dairy farmers in line with steady milk prices, while it declined for New South Wales dairy farmers following reduced milk prices . While this contextual backdrop influenced the ABS data upon which this vulnerability assessment is based, the utility of the approach stems from the way in which it provides a low-cost, rapid assessment process that can direct attention towards subregions that require more specific and contextualised investigations .
The grazing sector dominated agricultural employment and the VACP in each of the regions. In Northern Rivers and Hunter-Central Rivers, the percentage of the agricultural workforce employed in the grazing sector was the same as the national agricultural workforce (55%), while in Fitzroy, a much higher percentage of agricultural workers was employed in the grazing sector (79%). With respect to the VACP, the grazing sectors in each of the regions made larger contributions to the regional VACP (Fitzroy, 68%; Northern Rivers, 50%; Hunter-Central Rivers, 51%) than the national grazing sector (38%) made to the total VACP in Australia.
A more nuanced understanding of the importance of the grazing sector in each region may be obtained by disaggregating the grazing sector into subsectors, and then situating these data within the wider state and national contexts. Figure 1 , which also serves to locate the study in Australia, shows the composition of the grazing sector in each region, as well as the composition of the national grazing sector. These data demonstrate the dominance of beef cattle farming within each region's grazing sector.
Situating the regional data within the Australian and the respective state data provides an indication of the relative importance of the east coast grazing sector and each region's grazing sector (see Online Resource 1 for detailed data). Cumulatively, the east coast grazing sector employed 10% of Australia's grazing sector workforce in 2011 and contributed 8% of Australia's gross value of grazing commodities produced in 2010-2011. At the state level, the Fitzroy grazing sector employed almost one-fifth (19%) of Queensland's grazing workforce, while Northern Rivers and Hunter-Central Rivers employed 13 and 8%, respectively, of New South Wales' grazing workforce. With regards to the production of grazing commodities, Fitzroy contributed almost one-fifth (18%) of Queensland's value of grazing commodities, while Northern Rivers and Hunter-Central Rivers contributed more modest amounts to the New South Wales grazing sector (12 and 8%, respectively). At the grazing subsector level, the three regions employed 20% of the national beef cattle farming workforce and contributed 15% of the national value of cattle/calves slaughterings and disposals. At the state level, Fitzroy produced one-fifth (20%) of Queensland's value of cattle/calves slaughterings and disposals, while Northern Rivers and Hunter-Central Rivers combined contributed almost 40% of the value of New South Wales' milk production and 30% of the value of cattle/calves slaughterings and disposals.
In sum, although the east coast grazing sector represented small percentages of Australia's total grazing workforce and the total value of grazing commodities produced, disaggregating the grazing sector in each region reveals that some subsectors contribute high percentages to the state-wide employment and VACP of the grazing sector. This is particularly the case for the Fitzroy and Northern Rivers grazing sectors. If adverse economic or environmental conditions impact these regions, up to 19% of Queensland's grazing workforce and 13% of New South Wales' grazing workforce may be affected. Similarly, up to 18% of Queensland's and 12% of New South Wales' total value of grazing commodities may be at stake. In the next section, we briefly outline the methods used to assess socio-economic vulnerability.
Methods
The potential vulnerability of the grazing sector in each region was assessed using spatial snapshots of five factors known to shape socio-economic vulnerability in New South Wales and Queensland: (1) reliance on agriculture, (2) geographic remoteness, (3) socio-economic disadvantage, (4) economic diversity and (5) age (Smith et al. 2015) . Each factor was represented in ArcGIS using readily available data from the ABS. Table 1 summarises the factors, indicators and their interpretation for assessing socio-economic vulnerability (see Online Resource 1 for further information about the data sources used).
The characteristics of the data necessitated some customisation of the scale at which the regional maps were created for each factor. Reliance on agriculture and socioeconomic disadvantage were represented at the ABS' geographic unit statistical area 1 (SA 1). 4 Economic diversity was represented at the ABS' statistical area 2 (SA 2) because this is the smallest scale at which place of work data are available. The age profiles were presented using subregional aggregations of SA 2s, and geographic remoteness was represented using the ABS' remoteness structure 2011. Customising the maps in these ways was possible because in this approach the maps remain disaggregated for the purposes of transparency and to allow for alternative interpretations by different user groups .
Each factor and its corresponding map are considered one line of evidence for potential socio-economic vulnerability. Areas within each region where multiple lines of evidence intersect suggest higher potential vulnerability than areas in which fewer lines intersect. Areas of potential high vulnerability are then compared to the spatial distribution of the grazing sector which was indicated by the (1) percentage of the gross value of grazing commodities produced and (2) percentage of the labour force employed in grazing. The commodity and employment classifications and data sources used were the same as those used to define the grazing sector (see Fig. 1 and Online Resource 1). The percentage of the labour force employed in grazing was mapped at SA 1 (Australian Bureau of Statistics 2011). The gross value of grazing commodities produced was mapped at SA 2, the smallest geography at which the data are available (Australian Bureau of Statistics 2012).
Results
Our socio-economic vulnerability assessment revealed six grazing subregions across the three NRM regions: (1) Rivers (Fig. 2) . This multiple lines of evidence approach enables comparative analyses: (1) among grazing subregions across the east coast grazing sector and (2) between the two grazing subregions within each NRM region. We present our findings from each of these analyses in turn.
The Australian east coast grazing sector
Across the east coast grazing sector, the two Fitzroy subregions were characterised by the highest potential vulnerability. When compared to the other four subregions, southern Fitzroy and northern/central Fitzroy were potentially the most vulnerable on four out of five lines of evidence (Table 2 ). They were (1) the most remote subregions, entirely located in areas categorised as remote or very remote; (2) characterised by very low economic diversity (Hachman scores 0.01-0.20); and (3) characterised by the largest percentages of employees and owner managers aged 25-54 years. In addition, southern Fitzroy was the most reliant on agriculture (up to 100% of the labour force employed in agriculture) (see Online Resource 2).
In contrast to the two Fitzroy subregions, in the Northern Rivers and Hunter-Central Rivers subregions, fewer lines of evidence intersected, which suggests lower potential vulnerability (see Online Resources 2, 3 and 4). There were also intraregional differences in potential vulnerability; these differences are examined below.
Fitzroy (Queensland)
The two Fitzroy subregions contributed similar percentages of the regional value of grazing commodities (approximately 33%) and employed similar numbers of people, although the structure of the workforces differed. In northern/central Fitzroy, the number of owner/managers was approximately the same as the number of employees, while in southern Fitzroy, there was twice as many owner managers as there was employees. Clemens et al. (2013) conclude that adults of 'working age' were disproportionately affected by the 2010/2011 Queensland flood and cyclone disasters when compared to older people. In particular, they identify people under 55 years as more likely to have been exposed to and affected by property damage than older adults. They hypothesise that this finding may reflect the Bgreater likelihood that this age group participates in the labour force, owns an income-producing property, and is financially responsible for dependents^. Here, we use the age cohort 25-54 years to reflect those in the grazing workforce who are likely to have this combination of commitments. While Clemens et al. (2013) do not separate the impacts of the flood and cyclone disasters on the grazing sector from the broader Queensland population, Smith et al. (2015) report Clemens et al.'s age analysis is more nuanced than typical approaches that tend to focus on the vulnerability of people at either end of the age spectrum and is therefore one of the best available approaches to consider the influence of age on vulnerability to environmental hazards
The potential vulnerability of northern/central Fitzroy and southern Fitzroy was similar but shaped by different influences. Southern Fitzroy was more reliant on agriculture and its grazing workforce was characterised by higher percentages of owner/managers and employees aged 65 years or older. In contrast, northern/central Fitzroy was characterised by higher levels of socio-economic disadvantage and its workforce had a higher percentage of owner/managers aged 25-54 years. Otherwise, the subregions were comparable in terms of geographic remoteness, economic diversity (specialised local economies) and the percentages of employees aged 25-54 years (see Online Resource 2).
Northern Rivers (New South Wales)
The two Northern Rivers subregions displayed similar levels of potential vulnerability and made similar sized contributions to the value of grazing commodities produced in the region (3 0%), but the southwest grazing sector employed approximately 300 more people than the sector in the northwest. However, the factors that shaped their socio-economic vulnerability differed. The northwest Northern Rivers subregion was characterised by higher levels of socio-economic disadvantage (deciles 1-6) than in the southwest (deciles 1-10), and the influence of geographic remoteness may be exacerbated in the northwest by the lack of a large regional centre such as Armidale located in the southwest. In contrast, southwest Northern Rivers was more reliant upon agriculture (up to 80% of the labour force was employed in agriculture) than northwest Northern Rivers (up to 60% of the labour force was employed in agriculture). However, in both cases, the percentage of the labour forces employed in grazing approached equality with the percentage of the labour forces employed in agriculture, which suggests there are limited alternative agricultural employment opportunities should the grazing sector experience a downturn. With regards to the age profiles of the grazing workforces, both subregions had high percentages of owner/managers and employees aged 65 years or older, but the southwest workforce was characterised by higher percentages of owner/managers and employees aged 25-54 years than in northwest Northern Rivers (see Online Resource 3).
Hunter-Central Rivers (New South Wales)
Northwest Hunter-Central Rivers was characterised by higher potential vulnerability than northeast HunterCentral Rivers. This assessment primarily reflects the lower economic diversity in the northwest subregion when compared to the northeast and differences in the age profiles of the grazing workforces. With the exception of Scone, an urban centre in the northwest, the northwest subregion was characterised by specialised local 
Southern Fitzroy
Fitzroy subregions = italics; Hunter-Central Rivers subregions = bold; Northern Rivers subregions = all caps economies (Hachman scores 0.01-0.20), while the economies in the northeast were moderately diverse. In the case of the grazing workforce age profiles in northwest and northeast Hunter-Central Rivers, the percentages of owner/managers aged 65 years or older were at least four times larger than the total national workforce, suggesting high potential vulnerability. There was a similar pattern for grazing employees aged 65 years or older. In the context of the six east coast grazing subregions, the Hunter-Central Rivers subregions were ranked second and third in terms of vulnerability associated with older workforces. Similarly, owner/managers and employees aged 25-54 years were comparatively low compared to the total national workforce and the other grazing subregions. This suggests lower potential vulnerability. However, the workforce in the northwest subregion had higher percentages of owner/managers and employees aged 25-54 years than the northeast subregion and, therefore, may be more vulnerable. The influences of reliance on agriculture, geographic remoteness and socio-economic disadvantage were similar in both subregions (see Online Resource 4).
Discussion: anticipating future drivers of socio-economic vulnerability in the east coast grazing sector
The central premise of this article is that static assessments of socio-economic vulnerability are not sufficient for anticipatory adaptation planning processes. Thus, in this section, we extend our snapshot assessment by evaluating how the socio-economic vulnerability of the east coast grazing sector may be exacerbated or reduced in light of emerging environmental, economic and social trends that are anticipated to significantly alter governance processes, business models and social systems throughout Australia (Hajkowicz et al. 2012) . In doing so, we seek to broaden the debate about vulnerability to climate change impacts to consider other influences that may reconfigure the dynamics of socio-economic vulnerability.
Increased scarcity of and competition for natural resources and the implications for agricultural production Natural resources that are essential to human survival and lifestyles are becoming increasingly scarce, challenging the future quality of life of growing populations. Overcoming these challenges will be facilitated by innovation in the private and public sectors and within communities more broadly (Hajkowicz et al. 2012) . The implications of these trends on the east coast grazing sector present opportunities and challenges. On the one hand, increased demand and changing diets (e.g. demand for increased meat consumption) from the rising middle classes in developing countries offers new markets for east coast graziers. On the other hand, increased demand for these products places additional pressure on agricultural inputs such as water and energy, potentially inflating production costs. In addition, increased demand for these resources from non-agricultural users will likely heighten competition and further challenge agriculture's status as a privileged user of water (Smith and Pritchard 2014) . If not successfully negotiated, these dynamics may exacerbate the vulnerability of all the grazing subregions, but may be especially heightened in Fitzroy owing to its locational disadvantage relative to Hunter-Central Rivers and (to a lesser extent) Northern Rivers. Thus, the challenges posed by increased production costs may require substantially greater levels of innovation in production systems and access to markets in Fitzroy.
Changing climatic conditions: shifting production zones suited to grazing The world's ecological habitats and biodiversity are in decline as a result of human activities. Continued population growth, industrialisation and climate change will place more pressure on the world's natural habitats, plant and animal species (Hajkowicz et al. 2012 ). Altered climatic conditions will reconfigure local biodiversity and change growing conditions that will produce spatially differentiated consequences for agricultural production and the economic value generated. These changes may force or allow for farm system diversification (or even transformation). In a recent study of the future suitability for grazing in the east coast NRM regions, the areas most suited to grazing in Fitzroy are anticipated to shift and contract south and east; in Hunter-Central Rivers (now renamed Hunter Local Land Services Region), suitable areas for grazing will contract in the west, but increase in some eastern areas (Hosking et al. 2014a, b) .
5 Thus, some currently productive grazing regions may become marginal and, therefore, increasingly vulnerable, while vulnerability in other regions may decrease as they become more important to regional and local economies. These trends may benefit southern Fitzroy and northeast Hunter-Central Rivers, while disadvantaging northern/central Fitzroy and northwest Hunter-Central Rivers.
The subsequent disruption to predator-prey and plantinsect relationships arising from changed climatic conditions may exacerbate agricultural pests and weeds, demanding innovative management systems, the success of which will be shaped by the availability of workers with the relevant training and skills. These challenges may be more difficult to overcome in the subregions with lower percentages of younger workers who may have a higher propensity for technology adoption than older workers, namely both of the Hunter-Central Rivers' subregions and northwest Northern Rivers.
Recalibrated export markets and changing consumer food preferences
Marked shifts in the world's economy (e.g. west to east and north to south) are projected to recalibrate export markets, trade relations, business models and cultural ties. These economic shifts are accompanied by growing middle class populations in Asia and South America who will have changing consumer preferences (Hajkowicz et al. 2012) . Increased economic ties with Asia (and South America) offer the grazing sector new and growing markets for high protein foods such as meat and dairy products. The capacity of graziers to take advantage of these opportunities will be shaped (in part) by climatic changes rendering particular localities more (or less) suitable for high protein commodities (see above).
New economic relations may also create opportunities for the grazing sector through increased levels of foreign investment enabling new business models. Such investment will likely concentrate in particular areas where prevailing conditions are more conducive to investment needs-meaning that other areas will be bypassed-potentially exacerbating (or creating) disadvantage (Pritchard and Tonts 2011) and, in turn, exacerbating vulnerability. Grazing subregions already characterised by high levels of disadvantage, such as northwest Northern Rivers and northwest Hunter-Central Rivers, will likely have the most to gain (or lose).
Shifts in the world's economy will also create challenges for the grazing sector in developed countries such as Australia. Developing nations are likely to increase their contributions to world commodity supplies, potentially placing further pressure on Australian producers to tightly manage production costs to remain competitive in the global market place. In turn, these dynamics may be more acutely experienced in the more remote subregions located further from transportation networks, processing supply chains and infrastructure (e.g. northern/central Fitzroy).
The changing composition of agricultural labour markets
Australia's population is ageing which has implications for retirement models and the composition of labour markets (Hajkowicz et al. 2012) . In the context of wider agricultural change (e.g. new production systems, precision farming technologies, interaction with new markets), successful adaptation to variability in environmental and economic conditions will depend upon how well graziers are able to source the required skills from the available labour markets.
The local labour markets in each of the grazing subregions are likely to become older at rates similar to the Australian population (Regional Australia Institute 2014). However, a more detailed study found that the rural populations in Northern Rivers and Hunter-Central Rivers areas have aged faster than the wider Australian population since 1981 (Smailes et al. 2014) . 6 These trends, partly shaped by continued youth out-migration from Australia's rural and regional areas, may exacerbate the vulnerability of the grazing sector because it may become increasingly reliant upon older workers who are likely to be have increased physical sensitivity to climate changes (e.g. increased temperatures) (Vaneckova et al. 2008) . These dynamics may be less abrupt for both Fitzroy subregions and southwest Northern Rivers because they had higher percentages of younger workers and owner/managers than the other subregions.
Notwithstanding this potential for increased vulnerability arising from changes in labour market composition, longer lifespans and more active older people may make available to graziers new, flexible labour markets for seasonal work. In addition, tapered retirement models that enable people to remain in the workforce for longer, together with sea change and tree change migration patterns, may bring new workers with marketing and business skills (for example) from nonagricultural sectors into closer proximity of grazing subregions upon which the sector may capitalise. A potential downside of these dynamics is that innovation and creativity may be constrained because younger workers may be confronted with increased labour market competition (see The Creative Class, Florida 2002).
Increased connectivity: opportunities for capitalising on new technologies, information and market access Individuals, communities, governments and businesses are becoming increasingly connected through technologies that are re-shaping the ways in which people interact, work, conduct business and access services and information (Hajkowicz et al. 2012) . The implications of these trends for the east coast grazing sector concentrate around opportunities for marketing, collaboration, information sharing, access to markets and potential production efficiencies.
Virtual technologies have the potential to enable graziersparticularly those located in more remote areas-to access new information and advice across multiple scales. The immediacy of information will also be improved (e.g. weather forecasts), enabling precision farming techniques to be tested and implemented with subsequent benefits for productivity and cost efficiencies. Such technologies have the potential to reduce the differential between urban and remote regions, thereby supporting the continued viability of grazing districts located further from essential infrastructure, regional centres and transport hubs (e.g. northern/central and southern Fitzroy). Of course, the influence of virtual/digital technologies will be spatially variegated, dependent upon the provision of the necessary infrastructure (e.g. Australia's national broadband network). Thus, existing vulnerabilities may be further entrenched in grazing districts that do not receive access to infrastructure essential for reaping the benefits of increased connectivity, and capitalising upon new technologies may be more difficult in districts already characterised by high levels of disadvantage compared to already advantaged districts (e.g. northwest Northern Rivers vs southwest Northern Rivers).
Opportunities for developing high value-added products and agri-tourism As incomes grow and people's discretionary expenditure increases, demand for services and experiences over products will increase. At the same time, people are increasingly expecting environmentally responsible and ethical 'feel good' products (Hajkowicz et al. 2012) . The implications for the grazing sector of these trends also present as opportunities and challenges. On the one hand, increased expectations among younger people may contribute to high youth out-migration, as well as difficulties with attracting highly skilled workers as they pursue higher paying employment opportunities outside of the agricultural sector. In turn, skill levels among local labour markets may be reduced. On the other hand, expectations among the wider population may provide opportunities for the grazing sector to develop high valueadded, ethical products that will allow consumers to trace food items to the source farm. The grazing sector in high amenity areas may also be able to diversify into agricultural experience offerings (e.g. home stays, farm work experience programmes); other areas may be able to leverage off broader tourism marketing campaigns such as 'Outback Eventures' in Queensland (Outbacknow 2013), a campaign that encourages urban residents to visit regional Australia to attend events.
Conclusion
Effective anticipatory adaptation planning for climate change is dependent upon decision makers' access to a wide array of time-sensitive information that canvasses the biophysical and socio-economic domains. Detailed climate projections like those recently released by CSIRO for Australian NRM regions make a vital contribution to planning at scales at which decisions are made. Regional climate projections need to be paired with forward-looking analyses of local socio-economic development factors to guide comprehensive and sustainable strategies to effectively adapt to climate change impacts. In this article, we have attempted to address this pressing need for socio-economic research by situating a snapshot spatial socio-economic vulnerability assessment of the Australian east coast grazing sector within a series of economic, social and environmental trends forecast to shape socio-economic life in the coming decades. While integrating regional climate projections with the multiple lines of evidence approach for assessing socio-economic vulnerability to climate change impacts is beyond the scope of this paper, doing so is a critical area for future research. The approach used here should be viewed as a useful addition to the practitioner's and researcher's methodological toolkits for broadening the debate about vulnerability to climate change impacts and for considering other influences that may shape the dynamics of socioeconomic vulnerability in the future.
Our findings have several implications. First, they can aid prioritisation of adaptation options suited to the drivers of socio-economic vulnerability in each region. Across the east coast grazing sector, there were differences in overall potential socio-economic vulnerability. The two Fitzroy subregions were characterised by the highest potential vulnerability as indicated by the intersection of four out of five lines of evidence, while in the Northern Rivers and Hunter-Central Rivers subregions, fewer lines of evidence intersected, indicating lower relative potential vulnerability. Notwithstanding these differences in overall potential vulnerability, the assessment revealed common drivers of socio-economic vulnerability in all NRM regions, namely high percentages of the labour forces employed in agriculture and geographic remoteness. In the absence of many alternative agricultural employment opportunities outside of the grazing sector, useful adaptation strategies may emerge from strategic partnerships with regional-and state-led entities developing agricultural experience offerings. Likewise, strategies that focus on strengthening value chain and marketing linkages are likely to be applicable in all the regions to overcome the implications of locational disadvantage. The implications of socio-economic disadvantage and economic diversity on regional socioeconomic vulnerability suggest the need for consideration of different factors when developing adaptation strategies. In Northern Rivers and Hunter-Central Rivers, consideration of the implications of high levels of socio-economic disadvantage is warranted, while in Fitzroy, the implications of low economic diversity require attention.
Second, the influence of age upon socio-economic vulnerability in the grazing subregions highlights new ways that age might be utilised in vulnerability assessments. Consistent with existing interpretations of the influence of age on vulnerability to climate change impacts, the high proportions of the grazing workforces aged 65 years and older contributed to socioeconomic vulnerability in all three regions. However, while the age of the grazing workforces in the Fitzroy subregions contributed to their overall socio-economic vulnerability, it did so in ways not typically associated with agriculture. The implications of age to the agricultural sector typically focus upon the challenges associated with an ageing farming population (Barr 2014) . In Fitzroy, age contributes to socioeconomic vulnerability primarily through the high percentages of owner/managers and employees in younger age groups. This finding suggests that the ways in which age is included in vulnerability assessments requires more nuanced treatment than simply focusing upon people 65 years and older. Equally, it is possible that the agricultural sector's older age profile-when compared to the general Australian population-may contribute to greater resilience and adaptive capacity due to the acquisition of extensive experience and knowledge during a wide range of climatic and economic conditions over farmers' lifetimes. Examination of the relationships between age, sector and vulnerability in the context of specific hazards (e.g. floods vs droughts) offers a fruitful line for future inquiry.
A third implication of our findings and analysis is that consideration of how cross-sectoral drivers may coalesce to shape future vulnerability provides a dynamic perspective of climate risk. The application of multi-disciplinary trends expected to shape Australia's future to a sector-specific socioeconomic vulnerability assessment provides a dynamic perspective of climate risk, which may be readily applied beyond the regions and sector examined in this paper. In doing so, this approach complements demographic projections and static assessments of socio-economic vulnerability to include a broader understanding of the complex interactions inherent to socio-ecological systems. This approach includes current and future drivers that may exacerbate or reduce vulnerability, and the ways in which these drivers will shape socioeconomic development. Understanding these interactions and the implications for socio-economic vulnerability is critical to contemporary adaptation decision-making in a wide range of different problems and geographic contexts.
